Quinazolinediones derivatives are a new family of diphenyl ether herbicides. Twenty four 1,3substituted quinazolinediones derivatives were designed and synthesized. Their structures were confirmed by 1 H NMR and elemental analysis. The preliminary bioassay results show that most of these compounds have herbicidal activity in post-emergence treatment. The compounds 3c, 3d, 3e, 3f showed 90-100% herbicidal efficacy at 200 gha -1 against dicotyledonous weeds such as Abutilon theophrasti.
Introduction
Many herbicides have recently been phased out because of their potential toxicological or environmental impact. These side effects are often caused by high use-rates. Thus, products such as protoporphyinogen-IX oxidase (protox) inhibitors, which can control weeds at a low use-rate of a few gha -1 , are of top interest. Protox is the last enzyme in the porphin pathway that is common to both chlorophyll and heme synthesis. In treated tissues, these herbicides cause membrane leakage, pigment breakdown and eventually necrosis of the leaf. [1] [2] [3] Research on protox inhibitors has been actively pursued since the 1970s, producing roughly two classes of product: diphenyl ethers (DPEs) and N-phenylnitrogen heterocycles. 4 DPEs were the first widely used family of herbicides. Several novel heterocyclic phenyl ethers have been reported by several groups (Fig. 1 and Fig. 2 ). [5] [6] [7] [8] Heterocyclic phenyl ethers are highly active both pre-and postemergence on a wide variety of weeds. [9] [10] [11] [12] [13] [14] [15] [16] [17] A few recently reported examples include 6-aryloxy-1H-benzotriazoles, 18 aryloxyindolin-2-(3H)-ones, 5-aryloxybenzisoxazoles, 6aryloxyquinoxalin-2,3-diones, benzoheterocycles, [19] [20] [21] and benzoxazines. 22 Through studying the structure-activity relationships of heterocyclic phenyl ethers, we added an ester or an acylamide on N-3 of quinzaolinediones to improve the activity. In this paper, we describe synthesis of 1,3-substituted quinazolinediones derivatives and their structure-activity relationships for herbicidal activity. 
Results and Discussion
2-(2-Amino-5-(2-chloro-4-4(trifluoromethyl)phenoxy)benzamido) acetate (1, R 1 was H or methyl, R 2 was methyl or ethyl), obtained via multistep synthesis, 23, 24 were treated triphosgene with at 0 °C and Et 3 N as the base, to produce 2-(6-(2-chloro-4-4(trifluoromethyl)phenoxy)-2,4dioxo-1,2-dihydroquinzaolin-3(4H)-yl) acetate (2) 25 . The hydrogen atom was substituted by methyl, allyl or propargyl to give (3). The ester was hydrolyzed to afforded (4), which was converted to various amide groups using standard amidation methods to provide the 2-(1substituted-2,4-dioxoquinazolin-3(4H)-yl)-N-substituted acetamides (5) (Scheme 1). Through the herbicidal activity testing, we found that the benzoquinazoline derivatives were more active on dicotyledonous than monocotyledonous species (Table 1) . Some compounds showed excellent herbicidal activity at the rate of 200 gha -1 such as, compound 3c, 3d, 3e, 3f, Which have a better herbicidal activity compare to the related compound 1,3-substituted quinazolinedione reported in the literature (the reported compounds show low herbicidal activity at the same rate). The order of herbicidal activity of benzoquinazoline compounds was as follows: (3)>(2)>(4)> (5) . The activity of the ester was greater than acid and acylamide. Some of the compounds exist in enantiomeric forms, their herbicidal activity were similar. While R 3 was substituted with propynyl, allyl, the compounds showed good herbicidal activity. Activities may be characterized with propynyl or allyl group because the higher hydrophobicity, which affecting the uptake, translocation or metabolism in the plant.
Scheme 1. Synthesis route for 1,3-substituted quinazolinediones derivatives.
Experimental Section
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2-(6-(2-Chloro-4-trifluoromethyl)phenoxy)-2,4-dioxo-1,2-dihydroquinazolin-3(4H)-yl) acetates (2).

2-(6-(2-Chloro-4-trifluoromethyl)phenoxy)-1,2-dihydro-1-alkyl-2,4-dioxoquinazolin-3(4H)yl)acetates (3).
A mixture of 2 (1mmol), K 2 CO 3 (1.2mmol) and alkyl halide (1.1mmol) was stirred in N,N-dimethylformamide at 40 °C . The reaction mixture was extracted with EtOAc (2×100mL), washed with a solution of NaHCO 3 , NaCl, dried over anhydrous magnesium sulfate watered. The plants not treated with the compound under evaluation were used as a comparison. The compound to be evaluated was dissolved in acetone and sprayed using a carrier volume equivalent to 187 liters per hectare at 1000 and 200 gha -1 . Two weeks after application of the test compounds, the state of the plants was observed. Each species was evaluated on a scale of 0-100 in which 0 equals no activity and 100 equals total control. The average control of the three plant species was calculated.
